Chronic nephropathy in ad libitum overfed Sprague-Dawley rats and its early attenuation by increasing degrees of dietary (caloric) restriction to control growth.
The early development and progression of chronic nephropathy and its amelioration by moderate and marked dietary restriction (DR) was determined in Sprague-Dawley (SD) rats at 20, 33, 60, and 113 weeks of age. Both sexes of SD rats were overfed ad libitum (AL) or DR-fed at 72-79%, 68-72%, or 47-48% of the adult AL intake. The AL-fed rats rapidly developed increased body and kidney size, increased glomerular area (GA) and urinary protein loss, followed by declining creatinine clearance. Early increased kidney growth and glomerular hypertrophy by 20 weeks preceded increases in glomerular sclerotic index (GSI), 7-day BrdU tubular labeling index (TLI), and the lesions associated with chronic nephropathy. The glomerular number (GN) or the number of nephrons did not differ between the groups over the course of the study. Moderate DR (68-79% of AL) prevented the increased kidney size and GA at 20 weeks and delayed increases in GSI and TLI until 60 weeks of age. Marked DR (47-48% of AL) prevented increases in kidney size, GA and TLI at 20 weeks, and GSI at 60 weeks of age. In AL-fed rats, the early increase in GA predicted the early onset of proteinuria and the later decrease in creatinine clearance, and increased GSI, TLI, and mortality from severe nephropathy. The temporal and dose-related effects of increasing degrees of DR demonstrated that while nephron numbers were unchanged with age, the early development of glomerular hypertrophy was the critical morphological biomarker predicting the progression and severity of chronic nephropathy. Caloric restriction by DR prevented or delayed the development of glomerulosclerosis, tubulointerstitial damage, functional changes, morbidity, and mortality associated with chronic nephropathy in AL-overfed SD rats by controlling initial body and kidney growth, glomerular size, and nephron hypertrophy. These results indicate that control of body and renal growth by DR may be essential to prevent the development and progression of glomerulosclerosis in spontaneous nephropathy of laboratory rats.